REMARKS 

The specification has been amended to insert a reference to the PCT 
application and the Japanese priority documents. 



The abstract has been amended to delete all reference numerals. 

The claims have been amended to delete all multiple dependencies. 
It is also requested that the Examiner consider the attached translation of the 
Response to the Written Opinion (entitled 'Written Reply (Argument)" filed by 
the applicants' Japanese Patent Attorneys. Examination in light of these 
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The Examiner is invited to contact the undersigned at 202-220-4200 
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DT15 Rec'd PCT/PTO 3 0 DEC 2004 



Writt:en Reply (Argumeni:) 

5 . Argument 

(1) The Examiner states in the References and Explanation section 
of the PCT Opinion that ^'the inventions of Claims 1 through 6 
and 9 through 12 could have been easily be made based on Reference 
1 (Microfilm containing images of a specification and drawings 
attached to Japanese Utility Model Application No. 62-192230 

(Japanese Utility Model Laid-Open Publication No. 1-95679)), 
Reference 2 (JP 11-346444A), Reference 3 (JP 2002-189066A) , 
Reference 4 (JP 2000-258513A) , Reference 5 (JP 9-257887A) , 
Reference 6 (JP 7-283774A) , and Reference 7 (JP 8-43504A) . 

However, the inventions described in these claims of the present 
application completely differ from the references and none of 
the references discloses the basic technical ideas in the 
inventions of the above-described claims. 

The applicant therefore describes the differences between the 
inventions disclosed in these claims of the present application 
and the inventions described in the references. 

(2) Comparison between the inventions described in Claims 1, 
2, 6, and 10 of the present application and the inventions 
described in References 1 and 2 

The invention described in Claim 1 of the present application 
is : 

^^A battery state-of -charge estimator comprising: 

a voltage detector unit which detects a voltage of a 
battery; 

an internal resistance estimator unit which estimates an 
internal resistance of the battery; 

an estimated charging/discharging current calculator 



1 



unit which calculates an estimated charging/discharging current 
of the battery based on the internal resistance of the battery 
determinedby the internal resistance estimator unit, the voltage 
of the battery, and an open voltage of the battery; 

an SOC estimator unit which estimates a state of charge 
(hereinafter referred to as ^SOC ) of the battery based on the 
estimated charging/discharging current determined by the 
estimated charging/discharging current calculator unit; and 

an open voltage calculator unit which sets the measured 
voltage of the battery as the open voltage of the battery at 
an initial calculation of the charging/discharging current and, 
after the initial calculation, calculates the open voltage of 
the battery based on the SOC which is previously estimated''. 

The invention of Claim 2 is: 

^^A battery state-of -charge estimator comprising: 

a voltage detector unit which detects a voltage of a 
battery; 

an internal resistance estimator unit which estimates an 
internal resistance of the battery from a state of the battery; 

an estimated charging/discharging current calculator 
unit which calculates an estimated charging/discharging current 
of the battery based on the internal resistance of the battery 
determinedby the internal resistance estimator unit , the voltage 
of the battery, and an open voltage of the battery; 

a first SOC estimator unit which estimates a state of charge 
of the battery based on the estimated charging/discharging 
current determined by the estimated charging/discharging 
current calculator unit; and 

an open voltage calculator unit which sets the measured 
voltage of the battery as the open voltage of the battery at 
an initial calculation of the charging/discharging current and, 
after the initial calculation, calculates the open voltage of 
the battery based on the SOC which is previously estimated". 
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The invention described in Claim 6 is: 

''A battery state-of -charge estimator comprising: 

a current detector unit which detects a 

charging/discharging current of a battery; 

a voltage detector unit which detects a voltage of the 

battery; 

an internal resistance calculator unit which calculates 
an internal resistance of the battery based on the measured 
charging/discharging current of the battery which is detected 
by the current detector unit and the voltage of the battery which 
is detected by the voltage detector unit; 

an estimated charging/discharging current calculator 
unit which calculates an estimated charging/discharging current 
of the battery based on the internal resistance of the battery 
which is determined by the internal resistance calculator unit, 
the voltage of the battery, and an open voltage of the battery; 

a second SOC estimator unit which estimates a state of 
charge of the battery based on the estimated charging/discharging 
current which is determined by the estimated 
charging/discharging current calculator unit; and 

an open voltage calculator unit which sets the measured 
voltage of the battery as the open voltage of the battery at 
an initial calculation of the charging/discharging current and, 
after the initial calculation, calculates the open voltage of 
the battery based on the SOC which is previously estimated". 

The invention described in Claim 10 is: 

''A battery state-of-charge estimator according to any one of 
Claims 1 through 9, wherein 

at least one of the first SOC estimator unit, the second 
SOC estimator unit, and the SOC estimator unit periodically 
estimates the SOC at a predetermined interval". 

Reference 1, on the other hand, discloses a charge/discharge 
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monitoring device for a battery in which ka (1/r (r is an internal 
resistance) ) is calculated from a present amount of current C 
by referring to a memory which is stored in advance; an amount 
of discharge ACa per a measurement period At is determined using 
ka as k3(E-V)At (E represents a voltage when the internal 
resistance is zero and V represents a terminal voltage between 
terminals of the battery) ; a new present amount of electricity 
C is determined by subtracting the amount of discharge ACd from 
the present amount of electricity C; and a ratio of remaining 
amount in the discharge is determined. Reference 1 further 
discloses that the amount of discharging electricity can be 
determined by equations of discharging current i = (E - V) /r 
and an amount of discharging electricity C = Jidt (in Reference 
1, description from page 9, line 12 to page 10, line 1, Figs. 
7 and 10, and description on page 3, lines 1 through 19) . 

However, Reference 1 fails to disclose how the voltage E is 
determined. 

Reference 2 discloses that a map between an SOC and an opening 
voltage is determined for each battery in advance; a 
charging/discharging history of a battery is calculated in 
advance from a charging/discharging current lb of the battery 
detected by a current detector unit; a self -discharging history 
from the time of completion of previous usage of the battery 
to the time of start of current usage of the battery is calculated; 
a corrected value of the discharging voltage of the battery is 
determined based on an operation history obtained by combining 
the charging/discharging history and the self -discharging 
history; an initial SOC is calculated from the corrected voltage 
and a predetermined map between the voltage and SOC; a simulated 
SOC is estimated by adding an integrated value of the 
charging/discharging current value detected by the current 
detector unit to the initial value of the SOC of the battery; 
and the open voltage Vqc corresponding to the simulated SOC is 
estimated (in Reference 2, paragraphs [0015] through [0016] and 



[0028], and Figs. 1 and 2). 

However, Reference 1 and Reference 2 fail to disclose or even 
suggest ''an open voltage calculator unit which sets the measured 
voltage of the battery as the open voltage of the battery at 
an initial calculation of the charging/discharging current and 
calculates the open voltage of the battery based on the SOC which 
is previously estimated after the initial calculation" as 
described in Claims 1, 2, and 6 of the present application. 

In addition, neither Reference 1 nor Reference 2 discloses 
calculation of the estimated charging/discharging current using 
the ''open voltage" determined in Claims 1, 2, and 6 of the present 
application to estimate the SOC. 

With the structural differences described above, the inventions 
of Claims 1, 2, and 6 of the present application have the following 
advantage over the inventions of References 1 and 2 and a 
combination thereof. 

As shown in Fig. 3 of the present application, the estimated 
SOC which is estimated through integration of the estimated 
charging/discharging current value converges to the actual SOC 
as time elapses, and therefore, there is an advantage that 
estimation precision of the state of charge (SOC) of the battery 
can be improved. 

More specifically, when the measured voltage is Vm, the internal 
resistance is R, and the open voltage is Vocvf the following 
equation (1) is satisfied. 

Current I = (Vn» - Vocv) /R (D 

When the real current value is Ireaif the following equation (2) 
is satisfied. 
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Real current value Ireai = (Vm - V, 



ocv-rei 



ial)/R 



(2) 



By determining the open voltage Vocv as described in Claims 1, 
2, and 6 of the present application, the following equation (3) 
is satisfied for a case when the estimated Vqcv is greater than 

Vocv-real/ that is, when Vocv-real < VqcvI : 



On the other hand, the following equation (4) is satisfied when 
the estimated Vqcv is smaller than Vocv-reai/ that is, when Vocv-reai 

> Vocv2- 



Therefore, when the ^^open voltage" in the inventions of Claims 
1, 2, and 6 of the present application is used, as shown in Fig. 
3, the charging/discharging current value Ii is always estimated 
to be smaller than the actual current value Ireai when the estimated 
SOC is greater than the actual SOC and the current value I2 is 
always estimated to be greater than the actual current value 
Ireai when the estimated SOC is smaller than the actual SOC, also 
as shown in Fig. 3. Thus, as time elapses, the estimated SOC 
self-converges to the actual SOC and the SOC estimator of the 
present invention has an advantage that precision of the 
estimated SOC is improved. 

Considering the fact that, recently, electrical vehicles and 
hybrid vehicles have become popular and that there is a strong 
demand for more precisely knowing the state of charge of the 
battery equipped in such electrical vehicles and hybrid vehicles, 
the above-described advantage is significant and the inventions 
of Claims 1, 2, and 6 having such significant advantages are 
highly inventive. 

Therefore, it would not have been easy for a person with ordinary 



(V„, - Vocvl)/R = II < Ireai 



(3) 



(Vm - V0CV2) /R = I2 > Ireai 



(4) 
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skill in the art to make the inventions of Claims 1, 2, and 6 
of the present application without a difficulty based on the 
inventions described in References 1 and 2 and a combination 
thereof. Thus, it is clear that the inventions of Claims 1, 
2, and 6 of the present application have an inventive step. 

Moreover, Reference 1 and Reference 2 fail to disclose or even 
suggest ^^an internal resistance calculator unit which calculates 
an internal resistance of the battery based on the measured 
charging/discharging current of the battery which is detected 
by the current detector unit and the voltage of the battery which 
is detected by the voltage detector unit'' described in the 
invention of Claim 6 of the present application. 

With this structural difference, the invention of Claim 6 of 
the present application has the following advantage over the 
inventions of References 1 and 2 and a combination thereof. 

Because the internal resistance of the battery is calculated 
based on the measured charging/discharging current of the battery 
and the measured voltage of the battery, even when the internal 
resistance of the battery changes due to deterioration of the 
battery as time elapses, it is possible to inhibit an increase 
in the error of the estimated SOC, and, as a result, there is 
an advantage that the SOC can be precisely estimated. 

This advantage is significant. Because the invention of Claim 
6 of the present application has such a significant advantage, 
it would not have been easy for a person with ordinary skill 
in the art to make the invention of Claim 6 based on References 
1 and 2 and a combination thereof, and it is clear that the 
invention of Claim 6 of the present application has an inventive 
step. 

Furthermore, Claim 10 depends from Claims 1, 2, and 6. Because 
the inventions of Claims 1, 2, and 6 cannot easily be made from 
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the inventions of References 1 and 2 and a combination thereof, 
it is clear that it would not have been easy to conceive the 
invention of Claim 10 of the present application based on the 
inventions of References 1 and 2 and a combination thereof. 

(3) Comparison between the invention of Claim 3 of the present 
application and inventions disclosed in References 1, 3, and 
4 

The invention of Claim 3 of the present application is: 

"'A battery state-of -charge estimator according to Claim 2, 
further comprising : 

a temperature detector unit which detects a temperature 
of the battery, wherein 

the internal resistance estimator unit estimates the 
internal resistance based on the temperature of the battery". 

Reference 3, on the other hand, discloses that an internal 
impedance Z of a secondary battery is determined based on a 
temperature T of the battery; a value in which a time average 
value Vav of voltage is corrected by a product of a time average 
value lav of current and the internal impedance is calculated 
as an open voltage OCV; and SOC of amount of remaining battery 
is determined based on the open voltage OCV and the battery 
temperature T (paragraph [0008] and Fig. 3 of Reference 3) . 

Reference 4 discloses that an internal resistance of a battery 
r is determined from r = ro + A1/A2 based on a predetermined 
resistance value ro which is given in advance for the battery, 
a first resistance ratio Ai which is based on the battery 
temperature T, and a second resistance ratio A2 which is based 
on a predetermined reference state of charge and that an open 
voltage E is determined by E = V + I • r based on the current I 
and the voltage V of the battery during charging/discharging 
(paragraph [0005] of Reference 4) . 
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Although References 3 and 4 determine the internal resistance 
from the battery temperature, the internal resistance is used 
for determining the open voltage . Therefore, even when the open 
voltage determined in References 3 and 4 is applied to E of the 
device of Reference 1 or even when 1/r of Reference 1 is determined 
from the battery temperature instead of the present amount of 
electricity C, the combination of Reference 1 and Reference 3 
or 4 still does not disclose or even suggest the structure of 
the present invention, described in Claim 2 of the present 
application from which Claim 3 depends, of ^'an open voltage 
calculator unit which sets the measured voltage of the battery 
as the open voltage of the battery at an initial calculation 
of the charging/discharging current and, after the initial 
calculation, calculates the open voltage of the battery based 
on the SOC which is previously estimated". 

With this structural difference, the invention of Claim 3 of 
the present application which depends from Claim 2 has an 
advantage over the inventions described in References 1, 3, and 
4 and combinations thereof, that, because the estimated SOC which 
is estimated through integration of the estimated 
charging/discharging current value converges to the actual SOC 
as time elapses, as described above, the precision of estimation 
of the state of charge (SOC) of the battery can be improved. 

The above-described advantage is a significant advantage, and, 
because the invention of Claim 3 of the present application has 
such a significant advantage, it would not have been easy for 
a person with ordinary skill in the art to make the invention 
of Claim 3 of the present application without a difficulty based 
on the inventions of References 1, 3, and 4 and combinations 
thereof, and it is clear that the invention of Claim 3 of the 
present application has an inventive step. 

(4) Comparison between inventions of Claims 4 and 5 of the present 
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m m 

application and inventions described in References 1 through 
4 and 5 

The invention described in Claim 4 of the present application 
is : 

^'A battery state-of-charge estimator according to either Claim 

2 or 3, further comprising: 

a current detector unit which detects a 
charging/discharging current of the battery; 

an internal resistance calculator unit which calculates 
an internal resistance of the battery based on the measured 
charging/discharging current of the battery which is detected 
by the current detector unit and the voltage of the battery which 
is detected by the voltage detector unit; and 

an internal resistance corrector unit which 
intermittently corrects the estimated internal resistance which 
is estimated by the internal resistance estimator unit based 
on the internal resistance determined by the internal resistance 
calculator unit" . 

The invention described in Claim 5 of the present application 
is : 

^^A battery state-of-charge estimator according to either Claim 

3 or 4, wherein 

the internal resistance corrector unit corrects a 
relationship between the estimated internal resistance and the 
temperature of the battery based on the internal resistance which 
is determined by the internal resistance calculator unit and 
the measured battery temperature". 

References, on the other hand, discloses periodical calculation 
of an internal impedance of a secondary cell at a predetermined 
interval and determination of a zero-load voltage Vo using the 
internal impedance which is continuously updated. 
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Reference 5, however, fails to disclose or even suggest a 
structure of the invention of Claim 2 of the present application 
from which Claims 4 and 5 directly or indirectly depend. That 
is. Reference 5 fails to disclose or even suggest ''an open voltage 
calculator unit which sets the measured voltage of the battery 
as the open voltage of the battery at an initial calculation 
of the charging/discharging current and, after the initial 
calculation, calculates the open voltage of the battery based 
on the SOC which is previously estimated". 

With this structural difference, the inventions of Claims 4 and 
5 of the present application which depend from Claim 2 has an 
advantage over the invention of Reference 5 and combinations 
of inventions of References 1 through 5 as described above that 
the estimation precision of the state of charge (SOC) of battery 
can be improved because the estimated SOC which is estimated 
through integration of the estimated charging/discharging 
current value converges to the actual SOC as time elapses. 

This advantage is significant . Because the inventions of Claims 
4 and 5 of the present application have such a significant 
advantage, it would not have been easy for a person with ordinary 
skill in the art to make the inventions of Claims 4 and 5 of 
the present application without a difficulty based on the 
inventions of References 1 and 5 and combinations thereof . Thus, 
it is clear that the inventions of Claims 4 and 5 of the present 
application have an inventive step. 

Moreover, none of References 1 through 5 discloses or even 
suggests an element of Claim 5 of the present application that 
''the internal resistance corrector unit corrects a relationship 
between the estimated internal resistance and the temperature 
of the battery based on the internal resistance which is 
determined by the internal resistance calculator unit and the 
measured battery temperature". 



11 



With this structural difference, the invention of Claim 5 of 
the present application has an advantage that, even when the 
internal resistance corresponding to the battery temperature 
changes as time elapses, the estimation precision of the SOC 
of the battery as time elapses can be improve by, for example, 
periodically correcting and updating a correlation relationship 
between the battery temperature and the internal resistance of 
the battery. 

This advantage is a significant advantage. Because the 
invention of Claim 5 of the present application has such a 
significant advantage, it would not have been easy for a person 
with ordinary skill in the art to make the invention of Claim 
5 of the present application without a difficulty based on the 
inventions described in References 1 through 5 and combinations 
thereof. Thus, it is clear that the invention of Claim 5 of 
the present application has an inventive step. 

(5) Comparison between the invention of Claim 9 of the present 
application and the inventions of References 1 through 5 and 
6 

The invention described in Claim 9 of the present application 
is : 

''A battery state-of-charge estimator according to either Claim 
3 or 5, wherein 

the temperature detector unit is placed in the battery, 
on a surface of the battery, or near the surface of the battery". 

Reference 6 discloses display of a remaining amount of battery 
by providing a temperature detector inside a battery for a 
portable phone and measuring an internal temperature of the 
portable phone. 
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References, however, fails to disclose or even suggest an element 
of the invention of Claim 2 of the present application from which 
Claim 9 indirectly depends. That is. Reference 6 fails to 
disclose or even suggest ""^an open voltage calculator unit which 
sets the measured voltage of the battery as the open voltage 
of the battery at an initial calculation of the 
charging/discharging current and, after the initial calculation, 
calculates the open voltage of the battery based on the SOC which 
is previously estimated''. 

With this structural difference, the invention of Claim 9 of 
the present application which indirectly depends from Claim 2 
has an advantage over the invention of Reference 6 and 
combinations of References 1 through 5 and 6 that the estimation 
precision of the state of charge (SOC) of battery can be improved 
because the estimated SOC which is estimated through integration 
of the estimated charging/discharging current value converges 
to the actual SOC as time elapses. 

This advantage is a significant advantage. Because the 
invention of Claim 9 of the present application has such a 
significant advantage, it would not have been easy for a person 
with ordinary skill in the art to make the inventions of Claims 
9 of the present application without a difficulty based on the 
inventions of References 1 through 5 and 6 and combinations 
thereof. Thus, it is clear that the invention of Claim 9 of 
the present application has an inventive step. 

(6) Comparison between the inventions of Claims 11 and 12 of 
the present application and the inventions described in 
References 1 through 5 and 7 

The invention described in Claim 11 of the present application 
is: 

"'A battery state-of-charge estimator according to any one of 
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Claims 1 through 3, further comprising: 

a current detector unit which detects a 
charging/discharging current of the battery; 

a first battery full-capacity calculator unit which 
determines a full capacity of the battery based on the SOC which 
is estimated by the SOC estimator unit or the first SOC estimator 
unit and an integrated value of the charging/discharging current 
of the battery which is detected by the current detector unit 
during the estimation of the SOC; and 

a third SOC estimator unit which estimates a state of charge 
of the battery based on the full capacity of the battery which 
is obtained by the first battery full-capacity calculator unit 
and the measured charging/discharging current of the battery 
which is detected by the current detector unit". 

The invention described in Claim 12 of the present application 
is : 

^'A battery state-of -charge estimator according to any one of 
Claims 4 through 8, further comprising: 

a second battery full-capacity calculator unit which 
determines a full capacity of the battery based on the SOC which 
is estimated by the first SOC estimator unit or the second SOC 
estimator unit and an integrated value of the 
charging/discharging current of the battery which is detected 
by the current detector unit during the estimation of the SOC; 
and 

a fourth SOC estimator unit which estimates a state of 
charge of the battery based on the full capacity of the battery 
which is obtained by the second battery full-capacity calculator 
unit andthemeasured charging/discharging current of the battery 
which is detected by the current detector unit". 

Reference 7, on the other hand, discloses that an ionization 
voltage (V), a discharging current (id)/ and a temperature (T) 
of a main battery are measured during discharge of the main 
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battery; a reference remaining capacity at this point (Ahi) is 
calculated in relation to a remaining capacity ratio SOC (%) 
based on discharging characteristics; a difference AAhn between 
an absolute value of a remaining capacity (Aho) and the reference 
remaining capacity (Ahi) is determined with the absolute value 
of the remaining capacity (Aho) when the remaining capacity ratio 
SOC is 100% being set as a fully-charged capacity Qo (Ah) ; an 
average value [AAhwo] is calculated as [AAhwo] = ( [AAhi] + ... + 
[AAhN])/N; a deterioration from the initial fully-charged 
capacity Qoo is corrected by setting the fully-charged capacity 
Qo = initial f lilly-charged capacity (Qoo) - [AAhwo] ; Ahoo is 
replaced by Qo when a difference between the absolute value of 
the present remaining capacity Aho of a fully-charge state and 
the fully-charged capacity Qo is a predetermined value or greater; 
and a remaining capacity at the fully-charged state is determined 
while Ahoo is corrected in the equation : remaining capacity ratio 
SOC ( %) = [ {Ahoo X ki X kt - Jidt } / (Ahoo x ki x kt) x 100] (paragraphs 
[0016], [0017], and [0026] through [0033] and Figs. 2, 3, and 

5 of Reference 7) . 

However, Reference 7 and References 1 through 5 described above 
fail to disclose or even suggest an element of the inventions 
of Claims 1 and 2 of the present application from which Claim 
11 depends and of the inventions of Claims 1, 2, and 6 of the 
present application from which Claim 12 indirectly depends- 
That is. Reference 7 and References 1 through 5 fail to disclose 
or even suggest ^''an open voltage calculator unit which sets the 
measured voltage of the battery as the open voltage of the battery 
at an initial calculation of the charging/discharging current 
and calculates the open voltage of the battery based on the SOC 
which is previously estimated after the initial calculation". 

With this structural difference, the invention of Claim 11 of 
the present application which depends from Claims 1 and "2 and 
the invention of Claim 12 which depends from Claims 1, 2, and 

6 have an advantage over the inventions of References 1 through 
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5 and 7 and combinations thereof that the estimation precision 
of the state of charge (SOC) of the battery can be improved because 
the estimated SOC which is estimated through integration of the 
estimated charging/discharging current value converges to the 
actual SOC as time elapses. 

This advantage is significant . Because the inventions of Claims 

11 and 12 of the present application have such a significant 
advantage, it would not have been easy for a person with ordinary 
skill in the art to make the inventions of Claims 11 and 12 of 
the present application without a difficulty based on the 
inventions of References 1 through 5 and 7 and combinations 
thereof. Thus, it is clear that the inventions of Claims 11 
and 12 of the present application have an inventive step. 

(7) As described, none of References 1 through 7 discloses a 
characteristic element of the present invention and it is not 
possible to conceive the present invention based on these 
references . 

In addition, none of the references discloses or even suggests 
a characteristic element of the present invention. That is, 
none of the references discloses or even suggests ""'an open voltage 
calculator unit which sets the measured voltage of the battery 
as the open voltage of the battery at an initial calculation 
of the charging/discharging current and calculates the open 
voltage of the battery based on the SOC which is previously 
estimated after the initial calculation''. Therefore, it would 
not have been easy to make the present invention from these 
references, and thus, the applicant asks that the Examiner decide 
that there is an inventive step in Claims 1 through 6 and 9 through 

12 of the present application. 
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